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(57)Abstract: 

PURPOSE: To improve the electrical, mechanical, 
thermal and chemical characteristics of a metal wiring, 
which is constitute using a copper layer as its main 
conductive layer. 

CONSTITUTION: A metal wiring, which is formed on an 
insulating film 104 on a semiconductor substrate 101, is 
constituted of a laminated film, which consists of a 
titanium film 106, a titanium nitride film 107a, a copper- 
titanium intermetallic compound layer 108b and a copper 
alloy film 109a of copper added with other trace 
elements, and a tungsten film 1 1 1 covering the surface 
of this multilayer film. The layer 108b is formed by a 
method wherein after the films 107a and 109a are 
formed, these films 107a and 109a are subjected to heat 
treatment. The layer 108b improves the adhesion of the 
film 109a to the film 107a and the film 111 prevents the 
metal films from being oxidized and corroded. By 
improving the electrical, mechanical, thermal and 
chemical characteristics of the metal wiring, a 




semiconductor device having a fine wiring, which is highly reliable extending over a long period 
of time, is manufactured at a high yield and at a high throughput. 



LEGAL STATUS 

[Date of request for examination] 27.1 0.1 995 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 2701 730 

[Date of registration] 03.1 0.1 997 

[Number of appeal against examiners decision 
of rejection] 



http://www1 .ipdljpo.go.jp/PA1 /result/detail/main/wAAAal 6887DA407235538P4.htm 03/03/27 



a9)B*mmvt (jp> 



(12) ^ H §^ ^ ^ ( A) (ll)4$ffttiHS*BI## 

#W^7 -235538 

(43)&BB ¥fi£ 7 #(1995)9/! 5 B 



(51)Inta 9 




F I 




H0 1L 21/3205 








21/28 


3 0 1 Z 8826 -4M 






21/316 


X 7352 -4M 










HO 1L 


21/ 88 R 








mntmomo ol (£ 10 h) 


(21)tHR#5 


WWF6-26672 


(7DWHA 


000004237 










(22)tfURB 


¥fi£6¥(1994)2H24B 










(72)#W£ 










MIKSK^STI 7#l-5B*S5tffci£ 








£ttt»S 






(74)ftSA 


#3± ffifi If 



(57) [KM] 

MA] ^*#«4£ 1 0 1 ±O^K 1 0 4 ±Kl» 

6, mtTt^mi 0 7 a, mt3-*><n&mfflit'£®i 

1108b, S 15, ^(C^SOfdlTc^^SsJD^ixfc^ 
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^^ryii 1 1 tfrbmt&zti&o mt?-fi> 
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Ml 0 9^ffl@L^^!C^ttP>5r^a-r-5r tfCt 
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1 0 9 a i Sft:^* vgt 1 0 7 a <fc w&#t£$refc# 
L, ^y^fyln i(4, ^JS^co^bXu 5 

^A^Kjh-rs. bah, mum. »swkfKM 
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©^BifcgH-a r t -raw** i (-fa^o^* 

1 XI* 2 lciE*<0¥3M*:=gEo 

(Zr),l (Ag) , £ (Sn) M/m^ (S 

t LT 0 . 0 1~0. 5a*%roffiffli^fc5>r bZWm 
b -t 3«#Jf 1 4 (O-lcfEttro^^S. 
[f»**6] fflt^^VOMIS^^S^, Cu : Ti 
= 5 : ia»6>Cu: Ti=l : 2£rottH©Iiim&&Jtfc 

l 75^ 5 to—KLm*0>¥mWttL 

[ft**9] mmmb3-<?>'<Dib'9rmmRvmmm& 
* ^mmimwm^m^mmzmm-^TM. b , 

[1***10] m&mbj-t^wt&mmRvm'&m 
■&&m*Mi$.-tz>jLm.fr. mimb*f-9\s<n>{c§m'Bco- 

1 1" £ ft** 7 X i± 8 i::fatt0¥*ft$hK<7>K& 

[*9?©l«lll*IMn 
[000 1] 



[0 0 0 2] 

HI 3 (a) ~ (c) #^BS6 3- 

i 5 6 3 4 i ^4imcmm.ztiti&% : <a*mftmm<oM 

■f, ->y =va6Ki 0 lilc-vy avKffciti 0 4, ah 
— $ y?=i^#? b&b?>tz£>(D5 OnmfffiD^l^V 

(»TTi) gi06, m<D/<i)T*?;i<bLxmi&1- 

5 1 0 OnmffcOg^^ V (J^TTiN) 1107a, 
£.mWW bft%> 7 0 0nmJ?©i8 (UlTCu) Ml 0 9 
b, T> *^<h&5 2 0 OnmffiDTiNSil 

0 7 b£|ii&»j£bT, TiNKl 0 7 b £r4t*n<£>^i£ 
(Ci I©TiN)gl0 7b5ri 

<h !> ^feldj; 0 Cuffill 

0 9 b Sr^s^^U £ <bl-S F 6 (C 1 0%t7?O 2 ?r^ 

CuMl 0 9 b^TW-ifeSTiNBSl 0 7a. flTi 

<fc<9, H3 (a) iz7F-mm%&z>< > 

[0 0 0 3] ft.\,^X\ H3 (b) CLTfr-t-J; 5 (;:, 30 o 
nn(Dff^.$rWi"-5TiN^l 0 7c &/<'(TXX/iy P 

sic i "9 —><r)±u&xmmu^twz^ v = v 
StffcBSi 0 4±i^ffM-T5 o 

[0004] §|#«#. 123 (c) I^1-«k5(-, 

mtBl 0 4±.RXf8ti@is<? — >'±.<DTiNmi 0 7c 
^x^fy^LT^ EiS|/'«^ — ^{fflffiSBlCTlNMl 

0 7c zm-tc %<omm, iamatB^TiNMi o 7 

b. 1 0 7cKJ:9»«-(ft»$ji*:#|J6i6S»?)^ <S 

mn.m.tn.X'&oM v ^ftjwflr ffltt^^i- siass^^ - v# 

TiNlf^iCW. Mo, Ta, Cr5rffl^Tt <tV\ 12 4 
(a) (b) »43r*, ^Bg4 9-3 2 3 7-§-<^# 

Sllf) Sr*i-, «-I@©^fecr)^gffE|l|x*fo?>„ 
1^0 (a) iC^-T J: 5 f-, ivy 3>-Stgi 0 i±tctvy 
=>y»(tEl 04Sr^Lfc^. &Pto<D^mzm^X=i 
y^l-*-/H0 5a^eiPt§. 5l#igct, = 
VSf{bMl 0 4±M^^^ h*— /H 0 5 aftlCT 
iNRl 0 7 a &BU&&X'<yfm\cX OMU $ b 
iCTiNUl 0 7 a±l^, »V^TiKl 0 8a k±mWM 
bt£*4t (KTAu) lgl09ct«MtSwi: 
T% PUB (b) lC^i-«ig^#5o !2TiI108a 
B, ^y7^^;uMtTiNll 07 a iitll^r 
J&1-AuKl 0 9c t(D|BC0SB#j4<DL5S:#tri6t)t LT 

[0005] cuzummmbi-z&mmtem-tz* 
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m&mm<?>1&<0'&%:&ffib LTf*> (Ohno) bit 

xl/^ho>r>^^ 9 3- 1, 1 9 9 3 

5^ 4 6 81: Extended Abstracts of The Elec 
trochemical Society 93-1, May 468p, (1993) ) 0 El 
5 (a) ~ (c) *<0«i&Xg*I<S&£*i\ 

0 1 V zi >m<tm 104^50 Onm^JS^T'Jg 

^-r^o «V*T»1 TiKl 0 6MTiNgl 0 7 a £ 
^y^S^it/K^tt^'^SCJ;! ^3 0n 
10 OninCOfl[*T*I«ifetC?g^-t-So 
[0 0 0 6] TiNfl0 7a±i:^y^ 

(£ATW) 1108c, Cuflll 0 9 h**/<y$ 
feSrfflV^T-tjX-etL3 Oran, 5 0 Onm^^T'UlS^J* 
"T5 0 &^T\ Cull 0 9 biCWll 0 8 d*5<fctf 
TiNffil 0 7 b^^/^y «9^tb^tt3 Oran, 

5 0nmOJ¥*."el(B»cJBjS;i-5r.i:T\ 1115 (a) iCT^f 

[0 0 0 7] mi TiKl 0 6te, v-y 3>&El 0 1 

■MURl 04tTiNll 0 7a £ @ ft 

<tLTffM£tt5o TiNll0 7a, 10 7'blt Cu 

[0 0 0 8] Wl 108c, 1 0 8 d CuIR 1 0 9 
biTiNH07a, 1 0 7 b t <7>?B«Ftt S 
#)kl,Xm$L£tlZ>o CuSIl 0 9 b ^TiNll 0 7 
a, 1 0 7 b £<£>R9l-5fe*Wj9fl 0 8 c , 108d^# 
t£ L 4 V * £ , C uflf fc T i N fit £ <£> ffl b 

^8fe{^i9CuBI*^^-=>^-rSRlc. CuHiTi 
Nftbwa5lc***^09^*yP*»}»A9ii*. T 

[0 0 0 9] TiNi^l 0 7 b±(C, 

■7CVDSi:i0^y =^ft{bl»Sr4 0 0-5 0 Onin<£> 

S/JayM^* 1 1 0 a t-TSo HI 
5 (b) fc*i-«iSS:»5 0 

[0 0 10] ^ibM, 2 8 0 < C^SffifiSt'SiCl 4 , 
Cl 2 > N 2 , NH 3 ^^Srfflt^fcS^tt^^^^ 
Vmz.± 9, TiNll 0 7 b, Wll 0 8 d. Cull 
0 9 b, WIRl 0 8 cStfTiNRl 0 7a Sr^y^ 
^LTEI»/^-Wtt5li:T% 15 (c) d^iift 



[0011] £fc, Cu*iB^»^«ffttl»Jti-S a 
«<Oj!i6#& (JM (Cho) <b 

X, 1991^5^, 391: Symposium on VLSI 
Technology, Digest of Technical Papers, 39p May (1 

991) ) 0 chotit mmfc&mmx*mt>tix\,^z>ci& 

j»l£0^t\ (non-planar) ftj&kW-fc (plana 

r) «*<7>2o(D*ig£^LT^5o HI 6 (a) ~ 
(d) »4±B#¥BB«UaW)«Jtxa*:. 17 
(a) - (d) tt±E¥ffi*i&0>»3&XS*r. fiHxfc* 
XMHBH-vLTV^S. 

[0012] ±e*¥iB«a«)*a*j5fe-cH:. me 

(a) o ^!)3ySfiioi±i:v!i3> 

■tflSlKl 0 4SOTi-wHl 0 7 d*rlOift»J*Ut 

niob kwmmm$t'<#->i o 5 b tjaati- 

■So 

[0 0 13] ^©fi£t'fe5S«W-CVD 
ffiJ-J: BtftTBrtfflilH* — VI 0 5 b (Dm.mcftte 
1-^Ti-Wigl 0 7 d±ro^:iVWll 0 8 c SrfiSc 
Slfcil:> ISJCu-CVDifeCi!), Wll 0 8c 
±W^CuBti 0 9 bfrftm-tZ (B6 (b) ) o 

[0 0 14] i^T, CuI10 9b^?tLt, 
•>!)a Vg^t^-v* t> HObtTi -wm 1 0 7 d £ 
3Ly?-/<yt LT, T i -Wll 0 7 d , Wf 1 0 8c 

StfCuKi 0 9 b^P>«fi£$ttSIEiSfe*it^#5 (H 
6 (c) ) o 

[0 0 15] .§|#«E#, jlWW-CVDfti.cJ; 9 IB^il 

itwii i i«u> ftii^^twii i kc 

(d) ) . 

[0016] ffimw-mmmnmmxmx'iL -> y => >m 

W.1 0 l±t->U^ySltIl 0 4S:»*Lt«t, $ 
^-^y/U, -yyayKfbl^^^i lObS 

xmMMf&mm^^-'-y 1 o 5 b«r?gj«-rs. ^^r\ 

Affile Ti-WIKl 0 7 d^^y^f^r i:T% 17 
(a) fc*-t-«3S«r*»a. 

[0 0 17] 7* h Ml 2Sr±ffitc 

^#Lfc^{c, SffiBtfLmmstf-^l 0 5 bco^SC 

ic, 7^- hi/-^ n i 2sr;Ti-wii o 7 d « 

5 J: 9^*<t5rfflV^T, 7thU-^Hl2SO : Ti 
-Wil0 7d*iyf/<5'^t5 (§7 (b) ) „ 
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Hi 1 3^MCML, 0rJ£0>*#-c**tt©st5,?- 

Sli o 5 bomstaLt, YV*—Mkir 
& (B7 (c) ) . 

[0 0 18] WKl 0 8c, Cull 09bS 

Wli 0 8d©#ilM, iB^^*^-vi 

0 5 bl£g|5<DTi-Wttl 0 7 d ±»*{ia««J(C»fifc 

(0 7 (d) ) . 

[0019] $.it* &mb\i. c\i%tmmz.mk-*7 
(^TNbN) frbm&&iM>%imvmm*&em&$\ 

\m$L-tttm («5©«gi) £^LT<^5 «3 

-7, March (1992) ) . H8 (a) Rt; (b) i4, -€:<75 

[0 0 2 0] £1\ ->y ^yStSl 0 1 
fldBIl 0 4$r«j£UL«lw, NbKl 14aSO=Cu^l 

ft*ffll^TV<* — £T\ El 8 (a) lz.7frf 
«itSr#S 0 Jkv^-e, N 2 #iafi:ii^r7 5 0 , Ct' 
3 0frffl<Df$M&$:i7^\ CuBKl 0 9 b<£>*BI.LNb£r 
WW • SftS-frT, Cu*ffitCia(ftSI«i:ft6NbNJi 

1 1 4b £J&*-f 3. !&*&3!&lcf4. CuBUl 0 9 b* 

(41. 8 9(iQ-cmtiV^c5. NbBf 1 

1 4 a±fcJgj££HfcCug|<b*SftWu (1 1 1) Bffl 

[00 2 1] 

[0 0 2 2] £-f N IS 1 <£>t£5fe8fl5-C-(4, JJ >- 

^Srffli^Sfcfc, 5E*M 
* — rojgffl^BHT-fcSo *7t, CulKiTiN^ro 

[0 0 2 3] ^ 2 (75^JfeSffiT*(4 > Ti(4-^iCAulX^ 
KHiS L^-TV ^CDT\ TiBl08ai AufS 109cl 

ffM^roKitXS^lc:^S%tT^o/-«-g-lc(4, Ti 
JBW-tfAuBIl 0 9c *^i£f!cLTg^-#ffi-CroTigg 

i^l4Mffd5#l/^fc*b, -?rO#SWTijSS^/>L. T 
iNJRl 0 7a t©«3(H43js<fi:Ti-S. mc&S&&m 

iNBSl 0 7a iAuIl 0 9 c CO^.®(OTiS^I4^fe 



bti:Z> 0 Ti»SIJi:£*£<ffM-r5riT- 
TiNt<75#O5T-0TiSS^ffi<'S : i: 5 Au 

*S. AuBt*CuBHc«#«*.*:»&t>lsl*-e 
liaise i o t t cui^ i^tet tt > m 

[0 0 2 4] « 3 <7>a*ft«-Ctt, Ti. TiN, W, C 

[0 0 2 5] JR4-<0«*S««)*5PiB«Hft*S;T?tt, * 
^fi£xe{c*5V^Tjt0JSIf5^Ti-W^ $ #&i--5!6S, 

yT-^r-rx* t LTS^WS&tfTi-WlgSr^.;,^ 
CuBt*E#RJfctt#*©^5X^{::llB3;h,5fc«>, * 

(C, CMP (Chemical Mechanical Poloshing ) -W 

>^i)>yzmm-tz^kn, x.^ (sy>*o 
[0026] w,4<n-&$i&.m<»w-mmm.ttx~ 

14, u-v^ hSrfflV^fcTi-WIKra^S'^is'^tc.fc 
"3, «frt»(D*{CTi-WffllSr»i-XSS:«fflLTV^ 
•5. i:^, S*W.±#^T±fiT'(4, -5r<7)Jil^*L 
t^KOR*^ SM±T-(4*<, Jii2§BT-f4 
)¥<*'3*s*>T*fo3o .rro/cfc, ifcrtg&W^lCTi-W 
4 5 4i y?*y 9 *fl=*ftu^i"r £ (4S« 
T-fc5„ 47t, *rt»JC»«-r5CuKi:-t«3±TJI© 

[0 0 2 7] ^5Ofi§3feaWt-^*tSCu*®05NbNtC 
NbN(75^^ttag^7 5 0t:i:S5^fc*t>, rcDi^V^ 
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[0 0 2 8] ±fSfCjg*, *«93»i. 

t?*> 9 . tBtiaf»-AiWWlW-**«*t««4 Men 
[0 0 2 9] 

[0 0 3 0] iftiftKfrjrai-£8fflE7L£riB 

&9Uz.m*.*mf8.*&m-rzz. laws 

[0 0 3 1 ] SB— tO^JDTcig i LT, vvi^^A (z 
r) „ SS (Ag) , SI (Sn) StfTi'^V (Sb) A 1 

(4, ^DxJjt^fri: LTO. 0 1~0. 5fi;ft%<7>ffiB 

[0 0 3 2] SBt^VCDifc-^JI/iS, Cu : Ti= 5 : 
1 fabCu : Ti= 1 : 2 j£c7)ffiHc7)il^l^lt^*-r 5 

[00 3 3] Hid, **E©i|MK*3g«<0«it#Stt. 
MIGM^K. SBi^vcoteiH&Jl, Sfls^^KR. 

[0034] mb , ?-*i'tofc&mmRxm&&m*m&L 

Slg^ffltS^tt^ *W4, ^±1;!* 2 

9, &b?-?>b&ik-&£-itxmb?-?>(Dik&y!)m$: 
[0 0 3 5] 



z>?-?^m\ m&±o>'<v rtf^mb Lx&mtmt 

tsmmmzG-tz&mmfLzmm vitmmci. 9 , its. 

h5rw-r5<t*ic, mmn^^mm 

[oo36] £fc, *&m<o¥m#mu<nmmftmi±. 

[0 0 3 7] 

[0038] *-f , ^.*p<75*«fe-c*>5a«BKb«feRt;a 

AifcSrffli^T, =■ vSg 1 0 1 co±a±tc7^— 
KINfcBU 0 2£<mtWi l 0 3 &^T\ 
S!,CVD«fe*«fflLT, -t©±lC*>y ^gtffcUl 04 
0 0 0nnro«*T?Jgrit-r5. IfcftiRl 
0 4 (4, ifcT Lt->!l= Si&SHtfc < . #J 

;Lf4\ ^ny^Jly^LfcBPSG^PSGT'ti 

w*. 3i#*#. BLfc&j^^yi-^fmzmm^x. 

V^bSK 10 4 ^Wii-T 5^it?L 105aMP 
t5:tf ( Bl (a) .i*-T«SSr#S. 
[0 0 3 9] &I^T-, IlTiI106, TiNSfl 0 7 
a, % 2 TiK 1 0 8 aSt^Cu^Ml 09a^ * 

3 0ni, 10 0m, 5~10nm, 4 0 OrmtDW-^X 
D. C. hn^^/^^^fejaiOtD. C. 

hn vSJ&tt^S'^&^V^TJUJc^L, Ell 
(b) (i*t«3SSr»5o Cu^ttTtt, CufCi?/P 
=. = ^7i, (0TZr) . m (EiTAg) , ffi mTSn) 
RXfT>^> («TSb) *»e>3Wil$tt5»JD^*© 
^< bi> ia?SSr, febD^JB^i U0. 01-0. 
lwt%gsiPl-5o 

[0 0 4 0] ^1 TiBIl 0 6f4, %htlt>&Jimmb 
Ktll 0 3 b<DTHX<D=i>? ? YW0i<r>m§L. mt 
(C, ->U a^ggftsBfl 0 4 tTiNJIl 0 7 a icDRgcD 
««tt<03fe#S:S«ji: LT««i-5. TiNll07a 

r tSrS6<Jt LTMtS. Cu^»Zr 1 Ag, Sn, 

[0 0 4 1 ] ^Jx.f4, Cul:0. 0 1~0. lwt%(OZ 
r iSr^JDLfc^llli, CuC0§| o36t>^Sf4 2 0-2 
5Kgf/imn2 Cu-0. 0 1 wt% Z r (D§|?g3S 

tf(4 3 5~4 5Kgf/nim2r*fci9, 3lo3g 9 
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LT. Cu-O. 0 1wt%Zr^Mgfi4 5 0t 
Sl±XhV, JRtt^JttejWBSSSo 3E{-> ZrSlbW 

Ofcf*5*^fi:<, Z r fiUfb * *t^>i"V \ lot, ^ 

[oo4 2] ffl»fio»tt6«)3ftft • m$m<D&mh^<Dz 
cuom^e*^<sT-r5^\ «x.«o. iwt%zr 

[0 0 4 3] CutpldO. 0 1—0. 1 wt%Ag£rgsJDL 

fc*§\ z r <om& t mmcwMft&m t mm&<D&w 

Srtt^5wt#lU*5. 0 5wt%AgT- 

f±, 3lo»0 3S«dU 5Kgf/mm2 ClJttftO, *0>?MS 

B 0 B^U2o«ti#t5o Agasiott, mmitik 
*&±9t>^4<, o. iwt%AgjsaD-ct>««e** 

^(STtti*^ 1^3 %-Cfc£ 0 

[0 0 4 4] 0. 0 lwt%<0Sn^teSb*iKJDLfc4§ 
£\ Sg a B B ^5 0-15 0°C±#U 

fc##3**tt*<, Sfc, Sn*>5W±SbO0. Olwt 

[0 0 4 5] ::0><k5l-* CuCZr, Ag, Sn, Sb£ 
SSSD-rsrfclciO, Cu©«M^*K£X,ifill4 5 

So 

[0 0 4 6] y^yr^-^mm^m^x. 

N2#H^4'T*6 0 0-70 Ottl 0 — 3 Og?SS^) 

AJSMteasriti- (mi (c) ) c ^co^si^^ 

2 h%$<DM 1 TifK 1 0 6 J2 X v/IlaySSlO 
1 tKJ&LT^^v-yiM TiNll0 7 

a *(©*Ki6Ti3^TiN«*0*S***tRJti-S*: 
TiNBtl 0 7 a#jc*{bi-6. £7^ $2TiIl 
08ali, Cu^Ml 0 9 a tRULTIiif 2 0-4 
0raiOCu-Ti{b^ftll08bt45e ^V^y-fr 

fc, TiN^l 0 7 aC^^^-JcDTiNJSO^y Ttt 

[0 04 7] Cu^Ml 0 9 a t TiN^l 0 7 a <t CO 
WJ-«*$^fcCu-Ti{b**/i 1 0 8 b £ LT^frT 
5{b*4fctt, *Si^t<7)^fe, Cu 4 Ti (Mm 



m) > Cu7Ti 2 (**R) , Cu 3 Ti (5ftKB) , Cu 2 
Ti, Cu 3 Ti2. CuTi, CuT i 2 <0 7 ffiS^fcjjjS^ - 
ttbCu-Tifk^ftoWi, «it*5j;TJ«ffte* *2T 
ill0 8 aOfKj?tft5S^SO^tiCft#-r6o 

»g\ CuHaSJOLfcZr. Ag, Sn N XtfSbfcMSJrC 

[0 0 4 8] Cu-Tifb^WI 1 0 8 b te, TiNtCu 
»5i*fc«>, TiNi Cucor^^»tt3fcS^^J:0 ; Cu^ 

ttftttsyji (^yri) £LT«£S£-r& 0 rcDCu-Ti 

it&Vdm 10 8b SrTiN® 1 0 7 a £ Cirfr&flll 0 9 

V^fcCut TiNO««tt<Z)JBStiBHi-5Cu K5-f^ 
yfy^TiNOt^ K^S>f\ ifetF(C r CuiTi 

[004 9] 31^, SiH 4 St^NH 3 ^y-^^^ 

50t, E^I^O. 2 — 0. 5Tori\ SiH 4 C0^4^1 
5 0 — 3 0 0 seem, N H^^fi^ 4 0 0 — 8 0 0 sec 
nu 5-1. 5 kW£ Lfc^#T% 

^>g{bSI£3 0 0 — 5 0 OnmCTW^T-Cirg^Ml 0 
9ail:MU ^&<7)#iSrefc5:7;a- h y y 

t'tSv'y^ylMv^^l lOattS (Ell 

(d) ) o i/v zz^mikm^x? 1 1 0 aOWIH ^ 

[0 0 5 0] &1>T% SiCl 4 , Cl2, HN 3 St/N 2 ^ 

8 0°C, JE^)^r2Pa. S i Cl 4 C0i55tfir£ 2 0 seem, CI 
2<£>5ftfi£- 2 Osccnk NH 3 CO?5ftS^ 1 0 — 3 0 seem, N 
2 <Oiftfi£8 Osccnu RF^°!7-S:2 0 OWt Lt*# 
X\ Cu^Ml0 9a, Cu-Tifk^ll0 8b, 
TiN^l 0 7 aWIl TiKl 0 6 frb fi£S«SK*r 
^y^^^LTiaj»^^-^ki-5p ^*V^T > Cu^ 
Hi 0 9 a<Z>±gp{C^ofc^y ^^SfbJ^-7^^ 1 1 0 
a^RiStt^^-V^^^V^ffil-i^^-r^ ((Hi 

(e) ) 0 :oi*w^^it, ^v^^mitmt 

^SKbKi 0 4^l5£/uif^y^>'^$tt4v^^Srffl 

[0 0 5 1] iiaSS^^^^^^T^ Cu^M 
1 0 9 a i Cu-Tift-fr^Ji 108b, Rt/, Cu-Ti 
it^mm 1 0 8 btTiNll 0 7a t3&5*/rSVMC& 
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</ Cu t T i N <D$g*tt<£>Jg $ (Cgg-f 5 T i NKCO* 
K^S^WIS^, Cut TiNCO#ffiT*CDSl|^jj^ 
=t(Otzt>. f&fe&flfiM***), Cu^iTiN 

mom i;w^ t*^»tt5feSJi < . 

«3if©**B{fc2lttJtX8©ii«HfcSrtt*»5 r fctfttJjfeS. 

[0 0 5 2] &i^T*, TK^^rilTC^Jt Lfcil&W-CV 
D5SI-<t'9^ IBi!*^* — ^WJlBO^t-^Wt- 2 Onm 

Hi (f) fc*i-«jfi*#4 0 Wll l lfcEIM*- 

o(OmJ«ia^^ilT?*>?>o ^roiofi, ftKo. 5~3 
vol%«5*R»B[{iJ:5«!.at?&9» S«5~ 
3 0vol%<O#$OTL 58®, X*, Ul'Ktfft^ 

[0 0 5 3] ftW.ftM&mi-i. ^tyiyf^CJ: 9 

iioa &^??->iy-tzm\zgzctzffi&&mmffi<oy 

[0 0 5 4] WfiScftii, g*£i&S£3 5 0-4 0 0^, 
JE2>£:2 0~8 OmTorr, WF6<£>j5icfi£0. 5~1. 
Osccm, H2<7)jjitJk£ 2 0 0~4 0 0 scant Lfc&ftT* 

*= <fc ^ 5 ~ 7 nm/min i: /h $ &Wj&g)£gaq# 

[0 0 5 5] ±lE*lfiffiUwJ;9JgBfcUfcEI»tt» Cu^ 
&«i:TiNfflli:©mtCtt*«H4»^y TttSr5fe»i- 
3Cu-Ti{fc-&4WiaH£feU Sfc, CuJ:0fc««8j 
< J.oas»«M4S:*i-S Cu-g-&Bg£X««Ji 
iUfctl, $felcCVD-W«-CE*ll*a*«SMfc-JB 

[0 0 5 6] ±SE2afc0ao#^§£«£*ro8«i#8r 
tt, MOS> Bipolar^O^^groa^fcSVti^ 

^y, B^y^<s©niKoa*s:atf-f» caeisfc** 

[00 5 7]«W, H2Sr#raLT*3BW«)JB2<0|| 
lt«^ov^ttWi-4. 12 (a) ~ (e) 14, 

[0 0 5 8] S-f, ^*P<0^i£T*fc5f8iCVDSfcS^ 
(C, >y =:>m<tmi 0 4 3rJ¥£ 5 0 Onm~l 0 0 Onm 



0>J**.-«*jAU £<bl^ IlTiBl06, TiNflll 
0 7a 3 Onm, 10 OnmCDg.fyX'MlkJ&f&irZo 

fr^X\ Cu-Ti^^— h^rfflV^D. C. -7^* 
^ho^j-^felCtt), Cu-Ti-g-&flg£l Onm<D 
I*t«L, §l#«*. «lktt^#I«*f4 0 
0~6 0 0XXOmHM&ft\>\ Cu-Ti^l^Cu- 
TUk-S-VoS 1 0 8 b £1-6 (12 (a) ) „ IWCu- 
Tiit&mmi 0 8 bCD3!&j&f4, * — ?v h<D®.f&tm 

tL5o wWfcfc, *—<y-yh<Dm.ffct£ s Cu : TiWJtri* 
2 : 1A>5>3 : 2gSStt5ri:^U% 
[0 0 5 9] jRl Tiflll 0 614, v-y a ViMblBl 0 
4 i TiNflll 1 0 7a troF|(D$-ftt©3!ci^l&f)i L 
XMtiZ-rZ> e TiNRl 0 7 a fi, hD^/l/ 

i\ E»£flE<0*ffl«Mtt©lfi]JtfcB«)i: LT»rt*lx 

[0 0 6 0] 5l£irc#, Cul-Zr, Ag, Sn, Sb<£>4> 
^<ttlll?r0. 01-0. lwt%^JDLfcCu-g- 
411 09 3?:, D. C. v^hny^y^itia 
9 4 0 0nm(Dff*--C®^-t-5 (ffl2 (b) ) 0 Cu— (D 
Zr, Ag, Sn, SbCDgsMi, Cutf>«M8fc6<j3kK, 

So 

[0 0 6 1] Cu-Tift-g-^S 1 0 8 Mi, _t$ toil 9 
Cu<&*aj*lt#i*i < . 9 0 0 t«±<©l^%#ojHf|M4 
WK^tCDT-fct), TiXtfCu«9Pi7cif?£:'^r 

TiNll 0 7 a tCu^gl 0 9 a <b©^< 
yTftLTiV^t, Cu-£-&Bll 0 9 a tTiNflfl 

0 7a <nmm&&m^*irzbmzcu&w.<owgiL% 

»IMi-S. ffiot, Cu3-&fl££TiNflHtCDRg-C, *^ 

fcofc, Cu^*tTiNI||t«5«3»tt©»*^ieHi-S 
TiNffilro-^-f K3iy^Cu^M£TiN)^W#ffiT- 

[00 6 2] i^T, «^Ml0 9a±l:, SiH 4 S 
t5NH3$ry— ^.^f^i: Lt^XvCVDSiaO, 
B)tMfaS^3 0 0~3 5 CC, ffi^l^O. 2~0. 4T 
orr, SiH4C05ftft?r 1 5 0~3 0 0 seem, NH3£Oj5ttft 
£4 0 0~8 0 Osccm, RF^!7-iJ:0. 5~1. 5 K 
Wt Lfc^ttf, v-y 3V^fb^Sr3 0 0~5 0 Onm© 

^mtm-?*? noai« (0 2 ( c ) ) „ >y 3 

>^t:M-7^^ 1 1 0 aWKJlli, 3Q2/^^^$tu54 
JRMSt, ^ro->y 3 i^{t§i icons' ^v^'il^Jt^r 



(8) 



#§fi ¥07-235538 



[0 0 6 3] 5l#gEt, SiCl 4 , Cl 2 , HN 3 St^N 2 

2 8 OlC, H^)5r2Pa, S iCl4<7}jjft4£ 2 Osccm, CI 
2<£>8itii3r 2 0 seem, HN3<DgStit£r 1 0 ~ 3 Osccm, N 
2<7>8fc*£ 8 0 seem, RF^7-|r2 0 OWt Lfcfttt 
T\ 1 0 9a, Cu-THfc-£-<&Jf 108b, T 

ink io7a &r*ft i t ijg l o 6 frhf&zmmm**- 

0 9 a W±«P(C^ofcv'U 1 1 0 a 

SJ^ttf'^->^y^>'^fel-i , 9^*-r'5 (112 
(d) ) 0 ^(Dt^cO^y^-y^^mt. 

lo->y3yS<tIl 0 4^(5tA/i:*3is'^^^^tt^ 

[0 0 6 4] biJ5£<7) i 3o 9 , Cu^Hi: Cu- Ti{fc;-£ 

[0 0 6 5] &I^T\ ^KiHSrSTC^Jt LfclKW-CV 
D fete J; 9Ba»/<^-^<0*ffiO*lcaW«)^2 Onmro 
f^^ftSWgl 1 l£JFM-f5o rcDWBUl 1 1% 

JSl©**flli:|g|*-<?*>5. 

[006 6] XfEiStRW^fcftfi, 3 5 0-4 0 0 

"C, J±^J^2 0 — 8 OmTorr, WF6«Si?r0. 5 — 
1. Osccm, H 2 <£>;gfcfi£ 2 0 0 — 4 0 Osccm £ Lfc#= 

•&^t«t5* J , *5«t-t 5~7nm/min £ /h£ ftWj&ftjg 

[0 0 6 7] *^ife^J(c «t <0 mtiL LfcB*Hi, Cu^ 
^tTiN^irCDWtc:, &m&Rlf'<!)Tte£&Wir2> 
Cu-THbl^Jf ri s #£U Cui 9 kt&fefeiftSI 

T*5 9, $blwCVD-W«-eEi»*ffi*siMt-JB*J: 

[0068] ft 2 w*jfe0ij(o^3t^sis{i, i (omrn 

M^^IMOS, Bipolar <$<T>¥-m&&W.<r>W&&>Z> 
[0 0 6 9] £AX, **MO»3il*5ll6«t-o^-CRW 



[0 0 7 0] 

Cu^I^iflitL, Cu-g-^JIIiTiN^tWK 
f-Si&tt^iiK Cu&rfTih!<DMJj\z>ciL-x&M&<D&: 

[Hi] (a) - (f) tt**, *M»|lff)SJ|ffl 
[HI 2] (a) - (e) ttofc/r, *«^Wft 2 roHlfe^J 

[13] (a) - (c) Ji**, ft 1 <75t£5fE&fl5£* 
-T, «X@gkK&<7»¥i*{^tta|ft0r9iB. 

[04] (a) Rtf (b) f2©«M^ 
-T, «X^Rft»ro¥*#£1t0JfE«r3iH. 

[15] (a) - (c) tt5fc* % * 3 

116] (a) - (d) ft4 60^5feS«<75#3p 

lo 

[17] (a) - (d) »4©«3feS#'roJPii 
[18] (a)M (b) tt**, JB 5 

[^•^wuiK] 



1 


0 1 




1 


0 2 




1 


0 3 


mm 


1 


0 4. 




1 


0 5a 




1 


0 5b 




1 


0 6 




1 


0 7a 


TiNm 


1 


0 7b 


TiNBI 


1 


0 7c 


Ti-NJK 


1 


0 7 d 




1 


0 8a 




1 


0 8b 




1 


0 8c 


wl 


1 


0 8 d 


wl 


1 


0 9a 
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10 9b CuK 
10 9c Au$i 

110a >%i{km-?X 2 

iiob v-y 3 >mkM-?x? 

ill Wl 

[Hi] 




112 :7* h V 

113 ^^itm 

114a NbM 
114b NbN 



[1112] 






IcJ 



